The hematopoietic cells in blood and/or bone marrow from 20 leukemic dogs and 22 control dogs were characterized using a battery of cytochemical stains. The results of cytochemical staining led to modification of the diagnoses based on clinical, hematologic and histologic findings in seven (35%) of the leukemias. Sudan black B and chloroacetate esterase served as granulocytic markers in both the control and leukemic groups. Peroxidase activity was present in the granulocytes and monocytes of control animals but not the blasts of leukemic dogs. Alkaline phosphatase-positive staining of granulocytic precursors was a consistent finding in granulocytic and myelomonocytic leukemia, and alkaline phosphatasepositive lymphoblasts were seen in 38% of lymphocytic leukemias. Diffuse alpha naphthyl butyrate esterase-positive staining marked monocytes in both control and leukemic dogs. Cytochemical staining was found to be a valuable diagnostic aid in the classification of leukemias in the dog.
The neoplastic cell type in the majority of leukemias in dogs can be classified with Wright-Giemsa stained blood and bone marrow films. When primitive cells predominate, however, the morphologic differences are indistinct. Various leukocytes contain specific enzymes which may aid in the identification of the cells. Cytochemical stains of human blood and bone marrow cells have been shown to improve the accuracy of diagnosis of hematologic diseases in man. Reports of cytochemical characterization of hematopoietic cells of dogs are limited and most are confined to the normal ani-ma1.'o-'5 T h e objectives of this study were to characterize the cytochemical staining patterns of normal and neoplastic hematopoietic cells of dogs using a battery of enzyme stains and t o compare the cytochemical results with the diagnoses based on clinical, hematologic and histologic findings.
Materials and Methods
Bone marrow specimens were aspirated from the proximal humerus or femur from 20 leukemic dogs presented to the OSU Veterinary Teaching Hospital. Samples also were aspirated from 22 control dogs, including dogs with non-hematologic diseases. In some cases, blood samples collected on the same day as the marrow aspirate also were stained. A few samples were obtained from a private veterinary laboratory. Blood films and bone marrow coverslip smears were prepared and air-dried-generally within one hour of sample collection. Films were stained with Wright-Giemsa, alpha naphthyl butyrate estera~e,'~ and periodic acid-Schiff." Cytochemical staining kits (Sigma Chemical Co., St. Louis, Mo.) were used 36 for Sudan black B, acid phosphatase with and without tartrate, alkaline phosphatase, and chloroacetate esterase procedures. Positive staining was defined as distinct staining of a minimum of 10% of the abnormal cells. A positive control was included in each batch of stains. If staining could not be done within eight hours, the films were stored unfixed at room temperature in the dark with the exception of the slides for acid phosphatase and alkaline phosphatase which were fixed in accordance with the manufacturer's instructions (Sigma Chemical Co., St. Louis, Mo.) and stored at 4°C. The corresponding histologic sections of representative tissues from dogs that were necropsied along with the Wright-Giemsa blood and bone marrow films were reviewed by one of the authors (GK). Diagnosis was based on cell morphology, anatomic distribution of lesions, and histologic findings. To simplify data analyses, the lymphocytic leukemias were subdivided into lymphoblastic leukemia," lymphoblastic leukemia associated with lymphoma,22 and well-differentiated lymphocytic leukemia' on morphologic criteria only. These results were compared with the corresponding cytochemical findings.
Results

Cytochemical staining of normal canine blood and bone marrow
The cytochemical staining characteristics of normal canine blood and bone marrow cells are summarized in table I. While the cells in peripheral blood samples gave the same reaction as those in bone marrow for all stains tested, the cells in the marrow stained with greater intensity.
In the normal dog, peroxidase activity was detected in late myeloblasts and was most intense in the progranulocytes (table I) . Moderately granular staining generally was present in neutrophilic myelocytes and in the more mature neutrophilic leukocytes. Eosinophils of all stages of maturity stained more strongly than neutrophils and in the segmented eosinophil, the stain outlined the specific granules. Monocytes were lightly positive, and had a fine dust-like granulation. Lymphocytes, erythrocytes, and megakaryocytes were negative .
Sudan black B was a better stain than peroxidase for granulocytic cells because neutrophils of all stages were consistently positive. Eosinophils were strongly positive and monocytes slightly positive. All other cells were negative for Sudan black staining.
Positive chloroacetate esterase staining was present in late myeloblasts, was most intense in progranulocytes, and decreased as the neutrophils matured. Megakaryocytes and basophils were slightly positive. Eosinophils, lymphocytes, and monocytes were negative for chloroacetate esterase.
Myeloblasts and progranulocytes did not stain with periodic acid-Schiff. Positive staining was seen in neutrophilic myelocytes and increased in intensity with cell maturation. Eosinophils, monocytes and megakaryocytes were slightly positive. Basophils, erythrocytes, and lymphocytes were negative. Strongest acid phosphatase staining was seen in progranulocytes. Staining intensity was inversely related to maturity in the neutrophilic cell line and less so in the eosinophils and basophils. Monocytes generally had some positive granulation as did occasional lymphocytes. The erythroid cell line had positive granular acid phosphatase staining from the rubriblast to the diffusely basophilic erythrocyte. Megakaryocytes were also diffusely positive. Only the eosinophilic and basophilic cell lines remained positive when films were stained in the presence of tartrate.
Positive alkaline phosphatase staining was seen in some but not all progranulocytes. Strongest staining was seen in eosinophilic myelocytes and the reaction diminished slightly with cell maturation. All other cells were negative.
Monocytes and megakaryocytes incubated with al- Table 11 . Cytochemical staining results in cells of canine leukemias pha naphthyl butyrate esterase had a diffuse staining pattern and were the only consistently positive cells. Occasional lymphocytes were positive with a focal staining pattern.
Cytochemical staining of leukemic cells in the dog
The results of cytochemical staining of leukemic cells from dogs with various leukemias are presented in table 11 . The preliminary diagnoses, based on clinical, routine hematologic, and histologic findings, were compared with the final diagnoses based on the preliminary diagnoses plus the cytochemical findings.
Thirteen (65%) of the leukemias were diagnosed as lymphoid in origin, five of which (dogs 6-10) were associated with lymphoma. Ten of the cases were classified as lymphocytic using morphologic criteria and three additional cases were included after cytochemical characterization. Of these 1 3 lymphocytic leukemias, five were negative for all of the cytochemical stains. Acid phosphatase-positive cells were present in four dogs with lymphocytic leukemia, but the activity was tartrate-resistant in only one instance. Distinctive focal alpha naphthyl butyrate esterase staining was seen in two dogs ( fig. 1) positive cases (a dog with associated lymphoma) were also positive for fine, dust-like Sudan black B.
There were four cases of myelomonocytic leukemia. Based on morphologic characteristics, the preliminary diagnosis was monocytic leukemia (two cases) and either monocytic or lymphocytic leukemia (two cases). The cells in all four cases were positive for chloroacetate esterase and diffuse alpha naphthyl butyrate esterase ( fig. 3 ). Three dogs had cells positive for Sudan black B ( fig. 4 ). All but one of these dogs had cells positive for alkaline phosphatase. The alkaline phosphatase staining patterns of the blasts differed with apparent cell maturation. Those cells appearing less differentiated had a distinctly focal alkaline phosphatase staining pattern. The alkaline phosphatase staining pattern in the more differentiated cells was granular and dispersed throughout the cytoplasm.
The diagnosis in the single case of granulocytic leu-kemia was based on morphologic criteria and corroborated by cytochemical stains. The cells, predominantly myeloblasts and progranulocytes, were positive for Sudan black B, tartrate-sensitive acid phosphatase, alkaline phosphatase and chloroacetate esterase. No peroxidase activity was detected.
In a single case of malignant histiocytosis, the neoplastic cells were diffusely positive for Sudan black B, acid phosphatase, periodic acid-Schiff, and tartrateresistant acid phosphatase. The cells were negative for alpha naphthyl butyrate esterase activity.
In a single case of erythremic myelosis, the blasts were occasionally positive for Sudan black B, tartratesensitive acid phosphatase and alkaline phosphatase. The acid phosphatase staining pattern was in the form of coarse blocks and heavy granulation. Seven (35 %) of the preliminary diagnoses were modified after consideration of the cytochemical staining results. Reclassification was based on the presence or absence of enzyme activity that is considered relatively specific for a particular cell type. In five of the seven cases, the morphology of the cells was consistent with either lymphoblasts or monoblasts. Diffuse alpha naph-thy1 butyrate esterase activity was considered to be specific evidence for cells of monocytic lineage. Chloroacetate esterase staining was considered to be quite specific for granulocytic cells. When positive staining for alpha naphthyl butyrate esterase occurred in association with chloroacetate esterase, the disease was classified as myelomonocytic leukemia. Cytochemical characterization was of greatest benefit in cases where cells were poorly differentiated. The frequency of positive staining of the neoplastic cells in the various leukemias is presented in table 111. Five (38%) of the lymphocytic leukemias had alkaline phosphatase-positive cells. All of the myelomonocytic leukemias were positive for chloroacetate esterase and diffuse alpha naphthyl butyrate esterase, and 75 % had cells positive for Sudan black B.
Discussion
The cytochemical characteristics of hematopoietic cells in man are well-documented and cytochemical stains are used extensively in human medicine to identify blasts that appear poorly differentiated with Wright-Giemsa stain. Comparatively little work has been reported for dogs, but as the interest in chemotherapy of canine leukemias has grown, so has the need for more accurate identification. In development of a battery of cytochemical stains, Sudan black B, and stains for alkaline phosphatase, chloroacetate esterase, and alpha naphthyl butyrate esterase would be the minimal panel for classification of various leukemias. After consider-ing the cytochemical staining results, seven ( 3 5 % ) of the preliminary diagnoses in this study were modified. The reclassification usually was based on results of the alpha naphthyl butyrate esterase and chloroacetate esterase stains. These two stains were most helpful in the identification of cells of monocytic and granulocytic lineage, respectively. Sudan black B and chloroacetate esterase served as markers for the neutrophilic cell line in both normal and leukemic dogs. Sudan black B also marked monocytes, but the staining was less intense and involved fewer granules compared to granulocytes. Peroxidase-positive blasts were not seen in any of the leukemias, including those of granulocytic and monocytic origin. These findings imply that the peroxidase stain is not sensitive enough to identify leukemic myeloid blasts in the dog and are consistent with previous report^.'^ A few chloroacetate esterase-positive cells were noted in one dog with lymphoblastic leukemia, and associated lymphoma and a few Sudan black B-positive cells in another. Chloroacetate esterase-positive staining has been detected in human monocytes and lymphocytes with localization in the endoplasmic reticulum, mitochondria, and nuclear e n~e l o p e .~ The significance of the Sudan black B-positive staining of lymphoid cells in the one dog remains unclear.
In neutrophils, the major compound to react with the periodic acid-Schiff reagent is glycogen.' Periodic acid-Schiff staining of neutrophils in the normal dog was restricted to myelocytes and the more mature stages, and did not serve as a marker for immature leukemic granulocytic cells.
Alkaline phosphatase has been shown ultrastructurally to be contained within the specific granules of rabbit heterophils4 and extragranular but membranebound in human ne~trophils.~ Specific granules are formed at the distal face of the Golgi apparatus beginning at the myelocyte ~t a g e .~-~ The alkaline phosphatase stain has proven useful in human medicine in distinguishing chronic granulocytic leukemia from leukemoid reaction.20 Increased levels are seen in infection and decreased levels in granulocytic leukemia. The mature neutrophils of the control dogs in both blood and bone marrow were completely lacking in alkaline phosphatase in both clinically normal patients and in those with a variety of inflammatory conditions resulting in a neutrophilia (unpublished data). Positive alkaline phosphatase staining of both mature and immature neutrophils has been detected in dogs with granulocytic2 and myelomonocytic leukemia. While alkaline phosphatase-positive mature neutrophils were not seen in any leukemic cases in this study, alkaline phosphatase-positive blasts were noted in granulocytic and myelomonocytic leukemia. The alkaline phosphatase staining pattern in neoplastic myeloblasts differed with apparent cell maturation. The distinctly focal alkaline phosphatase staining pattern seen in cells appearing less differentiated with Wright-Giemsa possibly reflects early enzyme production at the convex face of the Golgi apparatus. The staining pattern in the more differentiated cells was granular and dispersed throughout the cytoplasm. The focal alkaline phosphatase activity was not seen in any other type of blast and may serve to mark primitive myeloid cells not recognizable with Wright-Giemsa.
Of particular interest was the alkaline phosphatase staining of blasts noted in five cases of lymphocytic leukemia. The cells were negative for Sudan black B and chloroacetate esterase. Cytochemical stains of lymph node frozen sections in man have revealed alkaline phosphatase-positive cells in the B-cell areas. Alkaline phosphatase-positive B-cell lymphomas have been documented in man." The use of this stain in combination with immunologic markers may eventually identify a subclass of canine lymphocytic leukemia.
Ultrastructural studies have shown that alpha naph-thy1 butyrate esterase is an ectoenzyme occurring over the external surface of monocytes. Staining begins early in monocytic differentiation, appearing before the cells acquire phagocytic capability.' Diffuse alpha naphthyl butyrate esterase staining served as a marker for monocytes in both the normal and leukemic dog. Focal positive alpha naphthyl butyrate esterase staining was seen in two dogs with lymphocytic leukemia. Frozen sections of canine lymph node and thymus show the same type of focal alpha naphthyl butyrate esterase-positive staining in cells of the T-cell areas.23 The reaction product corresponds with ultrastructural membrane-bound organelles called Gall bodies-thought to specifically mark T-cells, those able to bind the Fc portion of immunoglobulin M. 6 Acid phosphatase is contained in the primary granules of myeloid cells. Acid phosphatase-positive granules arise from the proximal face of the Golgi apparatus during the progranulocyte stage and their numbers are reduced through This stain was not suitable for differentiating blasts because virtually all hematopoietic elements were positive to some degree for tartrate-sensitive acid phosphatase. In the normal dog, only the eosinophilic and basophilic granulocytes contained tartrate-resistant acid phosphatase. This staining was seen in the neoplastic cells of malignant histiocytosis and in a single case of lymphoid leukemia. Similar results are seen in the "hairy" cells of leukemic reticuloendotheliosis in man. 16.25 While there is, to date, no canine equivalent of the human hairy cell, the continued use of the tartrate-resistant and phosphatase stain may eventually help identify such a leukemia.
The results of this study indicated that cytochemical staining allowed more precise cellular characterization. Accurate identification of leukemic cells is a prerequisite for development of more specific therapeutic regimens and for clinical characterization of various leukemias. Additional investigations are needed to characterize the cytochemistry of leukemic cells in granulocytic leukemia, monocytic leukemia, and myelomonocytic leukemia which were under-represented in this study.
